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INVENTION: ALTERNATING UPLINK/DOWNLINK TRANSITIONS IN 
W CHANNEL ALLOCATION IN A TDD TRANSMISSION 

7' FRAME WITH A NUMBER OF SWITCHING TIMES 

15 Assistant Commissioner for Patents, 
Washington, D.C. 20231 

, « . Sir: 

□ Please amend the above-identified International Apphcation before entry 

20 into the National stage before the U.S. Patent and Trademark OfSce under 35 
U.S.C. §371 as follows: 
In the Specification : 

Please replace the Specification of the present application, including the 
Abstract, with the following Substitute Specification: 
25 SPECIFICATION 

TITLE OF THE INVENTION 
ALTERNATING UPLINK/DOWNLINK TRANSITIONS IN CHANNEL 
ALLOCATION IN A TDD TRANSMISSION FRAME WITH A NUMBER OF 
SWITCHING TIMES 
30 BACKGROUND OF THE INVENTION 

The present invention relates to a method for controlhng uplink/downlink 
transitions in channel allocation in a transmission frame, particularly a TDD 
transmission frame, and a communications system for carrying out the method. 



In radio communications systems, information (for example, voice, image 
information or other data) are transmitted with the aid of electromagnetic waves via 
a radio interface between the transmitting and receiving radio station (base station 
or mobile station, respectively). The electromagnetic waves are radiated at carrier 
frequencies which are in the frequency band provided for the respective system. In 
the case of GSM (Global System for Mobile Communication), the carrier 
frequencies are in the range of 900, 1800 or 1900 MHz, respectively. For future 
mobile radio networks with CDMA or TD/CDMA transmission methods via the 
radio interface, for example the UMTS (Universal Mobile Telecommunications 
system) or other third-generation systems, frequencies in the frequency band of 
approximately 2000 MHz are provided. 

Frequency Division Multiple access (FDMA), Time Division Multiple 
Access (TDMA) or a method known as Code Division Multiple Access (CDMA) 
are used for distinguishing between the signal sources and, thus, for evaluating the 
signals. A particular instance of the time division multiple access is a TDD (Time 
Division Duplex) transmission method in which the transmission takes place in a 
common frequency band separated in time both in the uplink, i.e. from the mobile 
station to the base station, and in the downlink, i.e. from the base station to the 
mobile station. 

In the TDD system, uplink and downlink time slots are located within one 
transmission frame. Assuming that only one frequency band (one carrier 
frequency) is available to an operator, time slot clustering can be introduced in a 
channel assignment method in order to be able to guarantee the reusability of the 
channel (i.e., time slot) with a certain spacing. The channel allocation method has 
the task of distributing the available resources, on the one hand, to the cells (which 
occurs on a rather slow time axis) and, on the other hand, to allocate one (or more) 
resource(s) for a particular connection (service). The method proposed in the text 
which follows is classed as the former, in particular. 

For two adjacent cells Zl and Z2, shown in Figure 1, with base stations BS 
and mobile stations MS, particularly sfrong interferences are obtained from a 
mobile station MS which is close by in the adjacent cell, with synchronous 



alignment of the transmission frames of the adjacent stations or cells for a mobile 
station MS which receives signals from its associated base station BS. This case, 
which occurs quite frequently with a homogeneous distribution of the mobile 
stations, is critical especially at the cell boundaries. 

According to Figure 2, interferences are obtained for the constellation where 
the transmit case TX of a mobile station MS overlaps the receive case RX of the 
other mobile station MS. A switching point SP in each case separates the transmit 
case TX and the receive case RX. For a frame-by-frame fransmission, one frame fr 
having a number of time slots ts, the duration of the occurrence of interferences 
depends on the displacement of the beginning of the frame and position of the 
switching point SP between the two cells Zl, Z2. Strong interferences cause losses 
in the spectral efficiency of the radio communications system. 

In common TDD methods, therefore, there is frame synchronization and no 
variable switching time but a fixed switching time so that a fixed allocation exists 
within the communication network (e.g., time slots 0-11 for downlink, 12-23 for 
uplink). 

Frame synchronization alone, however, does not yet lead to optimum results 
if the requirements for the capacity utihzation are different in adjacent cells. In 
particular, the case is unsolved in which relatively large data volumes are to be 
fransmitted in the uplink in one cell but relatively large data volumes are to be 
frausmitted in the downlink in adjacent cells. 

From US 5,719,859, a TDMA radio commxmications system is known in 
which a single base station communicates with a multiplicity of mobile stations 
within its transmitting range. In this arrangement, individual channels of a 
transmission frame are variably allocated to the mobile stations in dependence on 
load. Furthermore, it is specified to include within a fransmission frame its time 
slots for uplinks from the begimung of the transmission frame and to include its 
time slots for downlinks from its end to its beginning. Each time slot is only 
allocated for a single mobile station and only for a single transmit direction. 

An extension of this communications system to a cellular communications 
system having a multiplicity of adjacent cells is known from WO 98/29988 Al. In 



this document, it is proposed to group a multiplicity of radio cells and sectors 
within it in the manner of a cluster. In the arrangement, sectors of two different 
cells are, in each case, directly adjacent so that a cluster of two is formed. 
Furthermore, it is specified to subdivide the transmission fi-ames into two 
subframes, one subframe being expressly used only for either uplinks or downlinks. 
Furthermore, it is specified to assign the two subframes to the different sectors. 
Accordingly, it is possible during one fi-ame either only to receive or only to 
transmit in the sector of each cell independently of the other statements. For the 
next firame, in consequence, the transmit direction must be reversed for the enture 
transmission firame. 

The resoiu-ces are assigned in accordance with a similar basic principle as in 
US 5,719,859, but in this case only a distribution of packet data to these subfirames 
is specified and not an assignment of channels of a TDD system. 

The present invention is, therefore, directed toward providing an improved 
method and an improved communications system, particularly a radio 
communications system, in which the switching points between uplink and 
downlink transmission times can be selected more variably in adjacent cells. 
SUMMARY OF THE INVENTION 

In its basic concept, the TDD transmission method can also support 
asymmetric services in which the transmission capacity in the upUnk does not need 
to be equal to that in the downlink. If this asymmetry is not wanted to the same 
extent in all radio cells, a critical interference scenario can arise. The 
considerations relating to the TDD transmission method had failed to recognize the 
relevant problems of the mutual interferences of a multiplicity of base stations and 
mobile stations operated within the same firequency band. 

A method is proposed here which provides an optimum distribution of the 
time slots within the transmission firame (particularly, the TDD transmission firame) 
and at the same time enables the following two criteria to be achieved at the same 
time: 



1. Changing uplink/downlink conditions can be taken into 
consideration by a variable switching point between the uplink and downlink time 
slots within a cell almost independently of the switching points of the other cells. 

2. A changing load distribution in the network can be made possible by 
5 extending the access time for a connection in one cell or, in other words, by 

allocating a different number of channels (time slots) per cell in reuse. 

Due to the condition of aligned uplink or downlink direction in adjacent 
active cells or cell groups, the two criteria do not lead to the problem of co-channel 
interference in the form of mutual interference of two mobile stations in directly 
10 adjacent cells of different reused clusters, one of which is transmitting exactly on 
the channel (time slot) on which the other one is receiving at the same time. The 
same applies to interference between base stations when both are transmitting or 
receiving on the same time slot. 

Using the solution proposed here, the TDD mode can now be implemented 
15 via only one frequency. 

The proposed combination of separate switching points per cell (see case a 
in the text which follows) and of the advantage of an unchanged link direction of 
the same time slots (see case b in the text which follows) makes it possible that the 
unwanted MS -MS interferences will not occur both in the case of a change in the 
20 uplink/downhnk (UL/DL) ratio in the cell and in the case of a load change 
(different resource distribution over the cells in the cluster). To this end, this 
method uses a number of switching points (one per cell) with alternating UL/DL 
change of successive cell-related channel allocations within the transmission frame 
(see case c). 

25 In clusters of three or four, only the switching points of up to three or four 

cells or groups of cells need to be correspondingly matched to one another in each 
case. 

Additional features and advantages of the present invention are described in, 
and will be apparent from, the following Detailed Description of the Invention and 
30 the Figures. 
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BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 shows two cells with one base station and one mobile station each. 
Figure 2 shows the case of interference between two adjacent mobile 
stations, one of which is transmitting and the other one is receiving at the same 
5 time. 

Figure 3 shows a block diagram of a mobile radio system. 

Figure 4 shows a mobile radio system according to a first exemplary 
embodiment in a macro environment with a cluster of three and the associated 
transmission frames with a number of switching points. 
10 Figure 5 shows this mobile radio system and its transmission frame with a 

number of switching points and a different number of time slots per cell with 
interference. 

Figure 6 shows this mobile radio system and its transmission frame with a 
common switching point and a different number of group time slots per cell. 
15 Figure 7 shows this mobile radio system and its transmission frame with a 

different switching point in each case per transmission frame and a different 
number of time slots per cell in an interference situation. 

Figure 8 shows this mobile radio system and its transmission frame with a 
number of switching points with the same link direction of adjacent cells. 
20 Figure 9 shows this radio system and its transmission frame with a number 

of time-variable switching points with tolerable interference. 

Figure 10 shows this mobile radio system and its transmission frame with a 
number of time- variable switching points and a different number of time slots per 
cell with tolerable interference. 
25 Figure 1 1 shows, according to a ftirther exemplary embodiment, a different 

scenario with microenvironment and a cluster of three with transmission frame. 

Figure 12 shows an exemplary scenario with microenvironment and a 
cluster of two with transmission frame. 

Figure 13 shows a mobile radio system with a medium time slot reuse 
30 distance of 4. 

Figure 14 shows a block diagram of a control device. 



DETAILED DESCRIPTION OF THE INVENTION 
As can be seen fix>m Figure 3, an exemplary mobile radio communications 
system consists of a multiplicity of mobile switching centers MSG which are 
networked together or, respectively, establish access to a fixed network PSTN. 
Furthermore, these mobile switching centers MSG are connected to, in each case, at 
least one device RNM for allocating radio engineering resources. Each of these 
devices RNM, in turn, provides for a connection to at least one base station BS. 
The term base station in its widest interpretation can be interpreted only as the site 
of, for example, a transmitting antenna. Such a base station BS can set up a 
connection to other radio stations; e.g., mobile stations MS or other mobile and 
stationary terminals via a radio interface. Each base station BS forms at least one 
radio cell Z. In the case of sectorization or with hierarchical cell structures, a 
number of radio cells Z are also supplied per base station BS; e.g., for part-areas 
around the base station BS. 

Figure 3 shows exemplary connections VI, V2, V3 for transmitting user 
information and signaling information between mobile stations 
MS1,MS2, MSB, MSn and a base station BS. An operation and maintenance 
center OMG implements control and maintenance functions for the mobile radio 
network or parts thereof, respectively. The fimctions of this structure can be 
transferred to other communications systems, particularly radio commimications 
systems in which the method below can be used, and particularly for subscriber 
access networks with wireless subscriber loop. 

Figure 4 and the subsequent figures show a mobile radio system with 
macroenvironment typical of the ideal, and the associated transmission frames from 
its cells Z. According to the ETSI simulation rules for macro and 
microenvironment in UMTS 30.03, macroenvironment refers to a high mast, which 
clearly protrudes over the roof edge of houses, being used for transmitting and 
receiving. In this connection, N= 16 is assiuned to be the number of time slots 
available in the transmission fi-ame and, furthermore, a cluster of three cell division 
is provided which will be called ceils R (dotted), G (shaded to the right) and B 
(shaded to the left) in the text which follows. Each cell also has a particular 



number of uplink and downlink time slots (e.g., nu(R) is assumed to be the number 
of uplink time slots per cell R). 

In the representation, a first central cluster in the cell mapping is shown 
dotted, with shading to the left or shading to the right dependmg on group and with 
5 regard to the transmission allocation in the upper diagram for the pmpose of 
illustration. Compared with other clusters surrounding this cluster, this central 
cluster is surrounded by a frame. Regarding the transmission allocation, the 
transmission parameter of the other adjacent clusters are shown in the lower 
diagram in each case. White circles represent the positions of the base stations BS 
10 with sector antennas which, in each case, supply three surrounding cells Z (R, G, B) 
which are typically shown diagrammatically as hexagons for the purpose of 
simplification. 

However, alternative arrangements are also possible such as, for example, 
the arrangement of, in each case, a separate base station with zn. omnidirectional 
1 5 antenna in the center of each individual cell. 

The method proposed here is shown in individual stages via the subsequent 
steps and figures for the purpose of clarity of explanation. 

Case a: Figure 4 shows a clustering with a number of switching points; i.e., 
each cell both in the cluster and in reuse has its own UL/DL switching point. In 
20 this arrangement, the switching points can be different within each cell of a group 
of cells compared with the switching points of the other group members. The 
number of time slots per cell, however, is still fixed. All cells are allocated the 
same mmiber of resources. The transmission frames of the adjacent cells of the 
three groups are suitably controlled synchronously in such a manner that all 
25 transmission frames simuhaneously begin with time slot 1 for fransmitting general 
information of the base stations to mobile stations in the corresponding cells in the 
downlink. 

Using multiple switching points, i.e. a separate switchmg point per cell, 
ensures a situation of minimum interference with changing uplink/downlink 
30 relationships. If the switching point is shifted, MS/MS interference will arise 
between adjacent mobile stations but a minimum distance D is maintained between 



the mobile stations so that the interference situation is relatively noncritical. As an 
example, transmission in the fourth channel or time slot will be quoted where a cell 
of the central group transmits in the downlink but the adjacent cells of this group 
transmit in the uplink, with a minimirai distance D. MS/MS interference between 
two mobile stations in the same cell groups and with the same transmission channel 
is thus permissible due to the minimum distance D. 

If, however, given this channel allocation strategy, it is intended to take into 
account an inhomogeneous load distribution which leads to a change in the number 
of channels, i.e. shift the time slots of a cell with little traffic volume into a cell with 
a large traffic volume within the cluster, this minimum distance is no longer given 
imder certain conditions as shown in Figure 5. The critical MS/MS interferences 
will occur here since the number of time slots per cell changes within reuse in such 
a manner that the MS/MS interference for time slots 7 and 8, i.e. for cells of 
different groups, exists to its full extent m this case since the minimum distance D 
is no longer given. 

Case bra channel allocation method according to Figure 6 which uses only 
one switching point, i.e. groups the time slots for uplink and downlink, is better 
suited with respect to a changing distribution of the time slots to the cells while at 
the same time ensuring minimum interference. Due to the joint switching of the 
transmit direction in all cells, there can be no MS/MS interferences. For example, 
there can be a different distribution of the time slots to the three sectors at each site 
within one transmit direction in Figure 6. It is now possible to violate the minimum 
reuse distance, e.g., in the downlink between cells of different direction; i.e., a 
mobile station MS is simultaneously receiving data or signals from two adjacent 
base stations. For mobile stations close to their b^e station, this does not represent 
a problem because the level differences are adequate. The mobile stations located 
in the center between supplying and interfering base station so that they receive 
approximately the same signal levels can be allocated undisturbed; i.e., in 
particular, different time slots in which these collisions caimot occur. 

If, in contrast, the switching point changes, it is possible that, in addition to 
the lacking minimum distance D, the abovementioned MS/MS interference also 



occurs as shown in Figure 7. If the switching point in the reuse cluster changes due 
to another UL/DL ratio, they will be coirespondingly extremely disturbing MS/MS 
interferences with only one switching point per transmission frame and grouped 
uplink/downlink time slots. 

Case c: if the advantages of the two methods are combined, an allocation 
arrangement is obtained which has no problematic MS/MS interferences in the case 
of a change of the UL/DL ratio and changing traffic volumes. This optimized 
method provides for a number of variable switching points, on the one hand, but 
also a minimization of the situation that there is simultaneous transmission and 
reception, respectively, (MS/MS interference) in the same channel (time slot) in 
directly adjacent cells. As shown in Figure 8, this can be achieved by the fact that 
the transmit direction does not change in the time slots at the boundary to the next 
cell in the cluster or preferably in the entire communication network of the 
environment (as at b). That is, if, for example, the last time slot belonging to cell G 
is in the uplink, the first time slot belonging to cell R also must be in the uplink. 
There will then not be any UL/DL change at the cell boundaries within the 
transmission frame. This provides an alternating UL/GL allocation for cell B, 
DL/UL allocation for cell G and again UL/DL allocation for the next cell in the 
cluster. Figure 8 thus represents a hybrid method with alternating UL/DL changes 
for successive cells in the transmission frame. 

If then the ratio of uphnk/downlink time slots in a cell is changed as is 
shown in Figure 9, there will admittedly be MS/MS interferences but the minimum 
distance D is maintained; i.e., the situation of having mutually interfering mobile 
stations in immediate vicinity is avoided. That is to say, in this hybrid method, 
alternating UL/DL changes are possible for successive cells in the fransmission 
frame, the UL/DL switching point being shifted within the cell. 

The second critical application is the allocation of a different number of 
resources in the different cells due to fraffic volumes which differ locally. In this 
case, shown in Figure 10, the minimum distance is admittedly no longer given but 
MS/MS interference in which the same time slot is used for different fransmit 
directions in the immediate vicinity is avoided, nevertheless. Thus, a hybrid 
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method with ahemating UL/DL changes for successive cells in the transmission 
frame is also possible in which the number of resources per cell is differently 
distributed in the reuse cluster. 

The hybrid method thus provides for combining of the two cases a and b, 
that is to say a number of switching points (preferably, but not necessarily, only one 
per cell) with ahemating UL/DL changes of successive cell-specific channel 
allocations within the transmission frame. 

As a further exemplary embodiment, another scenario of a cluster of three in 
a microenviroimient as Manhatten grid network with exemplary transmission frame 
is shown in Figure 11. Microenvironment here refers to the transmitting and 
receiving antennas being clearly arranged below the roof edges and being used for 
supplying streets between blocks of houses. The white Hnes here represent the 
streets and the dotted boxes represent blocks of houses. The antennas, which are 
preferably arranged away from street intersections between two blocks of houses 
each are used, as a rule, not for supplying the blocks but the streets. The 
transmission arrangement corresponds to that of Figure 10 in this case. 

Figure 12 represents a further exemplary Manhatten scenario but here with a 
cluster of two, and a corresponding transmission frame. The arrangement of base 
stations within the cells is as in the previous example. 

According to a further exemplary embodiment. Figure 13 shows another 
exemplary cell arrangement Avith a typical instance of cells in a real network with 
medium reuse of four. In this arrangement, arbitrary cell forms with variable 
numbers of adjacent cells which, for example, can be supplied with time slots in a 
medium reuse of four (compare the four-color theorem) are instanced in accordance 
with the inhomogeneous propagation conditions of real radio environments. That 
is, in this arrangement, it is assumed that, instead of three groups of cells to be 
matched to one another, four groups R, G, B, W of cells are formed, the switching 
points and switching directions, as shown in the transmission frame, can be 
matched to one another in accordance with the hybrid allocation method from case 
c. 
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The base station BS contains a tr^sceiver device TX/RX shown in Figure 
14, which digital/analog-converts the transmit signals to be radiated, translates them 
from the baseband into the frequency range of radiation and modulates and 
amplifies the transmit signals. A signal generating device SA has first assembled 
the transmit signals into radio blocks and allocated them to the corresponding 
frequency channel and time slot. A signal processing device DSP evaluates receive 
signals received via the transceiver device GX/RX and performs a channel 
estimation. 

For the signal processing, the receive signals are converted into symbols 
having a discreet set of values; for example, digitized. A signal processing device 
DSP which contains as digital signal processor, for example, a JD processor for 
detecting the user information and the signaling information in accordance with the 
JD (Joint Detection) CDMA method, evaluates the data sections. The interaction of 
the components and the setting of the switching point SP is controlled by a control 
device SE of the base station BS. Associated data on the switching point SP and 
the actual situations of the link are temporarily stored in a memory device MEM. 

The mobile station MS contains, correspondingly adapted, the modules 
explained for the base station BS and additionally an operating panel T. At the 
operating panel T, the subscriber can make inputs, among other things an input for 
activating the mobile station MS or for setting up a connection to the base station 
BS. 

The control device SE evaluates signals sent in the downlink and received 
by the mobile station MS and signals sent from the mobile station to the base 
station and determines the requirement for data to be transmitted in the DL and in 
the UL. The channels to be used and the switching points are established in 
accordance with the requirement. These data are preferably transmitted to the 
communicating device. Furthermore, the channels and switching points to be 
allocated are matched to the base stations of the adjacent cells. In an exemplary 
control method, a coarse pregrouping of the resources is first carried out on a slow 
time axis for a cluster of three. The number of time slots remaining after the BCCH 
time slot is advantageously divided by three and assigned to the individual cell 
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groups. This coarse grouping can also be different if there is a corresponding 
requirement. 

After that, a repeated determination is made on a faster time axis, i.e. in 
short time intervals, for checking current requirements, what allocation 
requirements exist for a cell and its adjacent cells. The resources are then 
correspondingly allocated and required switching points established for these cells; 
i.e., the original resources of adjacent cells are allocated for a first cell and/or the 
time slot is shifted for the switching. 

Alignment via the adjacent base stations themselves would be associated 
with a very high and frequent exchange of data among them. A central control of 
the resources and channel allocations and switching points for a multiplicity of base 
stations by, for example, the devices RNM for allocating radio engineering 
resources or the mobile switching centers MSG to which the current load conditions 
and resource requirements are in each case transmitted by the base stations BS is, 
therefore, simpler. 

hi the extreme case, control also could be handled by the mobile stations but 
is then disadvantageously expensive. 

Precontrol of the switching points and signaling to the communicating 
stations can take place, for ex^nple, via the BCCH (Broadcast Control Channel) in 
the downlink. 

Although the present invention has been described with reference to specific 
embodiments, those of skill in the art with recognize that changes may be made 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended clauns. 
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ABSTRACT OF THE DISCLOSURE 
A method for controlling uplink/downlink transitions in channel allocation 
in a transmission frame for information transmission in a communications system 
having a multiplicity of cells, in which a switching point between upHnk and 
downlink transitions is controlled in ahgnment with the respective switching point 
of adjacent cells in such a manner that the same uplinks and downhnks are 
predetermined in directly adjacent cells. A load-dependent control of the uplink 
and downlink within individual adjacent cells or groups of cells becomes possible 
via a variable activation of possibly a number of switching points and/or resources 
of the individual cells which are switched to be active. The cells are preferably 
arranged for this purpose in a cluster of three or four arrangement, a number of 
time-variable switching points (one each per cell) being used with alternating 
uplink and downlink change of successive cell-related channel allocations within 
the transmission frame. 
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In the Claims: 

On page 15, cancel line 1 and substitute the following left hand justified 
heading therefore: 
CLAIMS 

Please cancel claims 1-13, without prejudice, and substitute the following 
claims therefore: 

14. A method for controlling a channel allocation in transmission fi-ames 
having a plurality of channels for information transmission in a communications 
system having a plurality of cells, the method comprising the steps of: 

ordering the cells into cell groups and forming clusters from each of 
the cell groups in a cell; 

allocating to each cluster a transmission frame, the channels of 
which are allocated to the cells of the respective cluster such that the channels are 
variably allocated to the cells within the cluster, the channels are jointly allocated to 
the cells within the cluster and each allocation takes place for, optionally, one of an 
uplink and a downlink; and 

leaving a link direction the same in, respectively, the uplink and the 
downlink in the case of channel assignment to another cell in the cluster. 

15. A method for controlling a channel allocation in transmission frames 
as claimed in claim 14, the method fiirther comprising the step of using time slots 
of a TDD transmission frame as channels. 

1 6. A method for controlling a channel allocation in transmission frames 
as claimed in claim 14, the method fiirther comprising the step of confrolHng 
switching points between uplinks and downUnks within one of a cell and a group of 
cells in dependence on changing load distributions in at least one of the cell, the 
group of cells, and the communication network, wherein a different number of 
channels per, respectively, the cell and the cell group is allocated. 
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17. A method for controlling a channel allocation in transmission frames 
as claimed in claim 14, the method further comprising the step of controlUng a 
number of switching points between uplinks and downlinks within a group of cells 
independently in time and variable of the switching points of one of the adjacent 
cells and to the groups of cells. 

18. A method for controlling a channel allocation in transmission frames 
as claimed in claim 14, wherein one of the cells and the group of cells are arranged 
in a cluster of three arrangement. 

19. A method for controlling a channel allocation in transmission frames 
as claimed in claim 18, the method further comprising the step of matching the 
switching points between uplinks and downlinks within one of a cell and a group of 
cells to up to three groups of active adjacent cells. 

20. A method for controlling a channel allocation in transmission frames 
as claimed in claim 14, wherein one of the cells and the group of cells are arranged 
in a cluster of foiir arrangement. 

21. A method for confroUing a chamel allocation in transmission frames 
as claimed in claim 20, the method fiirther comprising the step of matching the 
switching points between uplinks and downlinks within one of a cell and a group of 
cells to up to three groups of active adjacent cells. 

22. A method for controlling a channel allocation in tiansmission frames 
as claimed in claim 14, wherein one of the cells and the group of cells are arranged 
in a cluster of two arrangement. 

23. A method for controlling a channel allocation in transmission frames 
as claimed in claim 14, wherein, when the cells are arranged in a plurality of 
clusters, only cells of different cell groups are arranged directly adjacently from 
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cluster to cluster and, is directly adjacent and simultaneously active cells of 
different clusters, transmission takes place in a same transmit direction. 

24. A method for controlling a channel allocation in transmission frames 
as claimed in claim 14, the method further comprising the step of controlling a 
number of time-variable switching points with alternating uplink and downlink 
change by successive cell-related channel allocations within a transmission frame 
such that a direction of connection of active and directly adjacent cells is in each 
case the same. 

25. A cellular radio communications system, comprising: 
at least one base station; 

at least one mobile station; 

devices for allocating radio engineering resources; 
at least one mobile switching center; and 

circuits in at least one of the base station, the mobile station, the 
devices for allocating radio engineering resources and the mobile switching center, 
the circuits being for controlling a channel allocation in transmission frames having 
a plurahty of channels for information transmission in the communications system, 
which has a plurahty of cells, wherein the cells are ordered into cell groups and 
clusters are formed from each of the cell groups, a fransmission &ame is allocated 
to each cluster, the channels of the transmission frame being allocated to the cells 
of the respective cluster such that the channels are variably allocated to the cells 
within the cluster, the channels are jointly allocated to the cells within the cluster 
and each allocation takes place for, optionally, one of an uplink and a downlink 
and, in the case of a channel assignment to another cell in the cluster, a link 
direction is left the same in, respectively, the uplink and the downlink. 

26. A cellular radio communications system as claimed in claim 25, 
frirther comprising antennas, in the base stations, having a restricted directional 
pattern and being arranged for avoiding weak interferences. 
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REMARKS 



The present amendment makes editorial changes and corrects typographical 
errors in the specification, which includes the Abstract, in order to conform the 
specification to the requirements of United States Patent Practice. No new matter is 
added thereby. 

Attached hereto is a marked-up version of the changes made to the 
specification and claims by the current amendment. The attached page is captioned 
" Versions with Markings to Show Change Made .'* 

hi addition, the present amendment cancels original claims 1-13 in favor of 
new claims 14-26. Claims 14-26 have been presented solely because the revisions 
by crossing out underlining which would have been necessary in claims 1-13 in 
order to present those claims in accordance with preferred United States Patent 
Practice would have been too extensive, and thus would have been too burdensome. 
The present amendment is intended for clarification purposes only and not for 
substantial reasons related to patentability pursuant to 35 U.S.C. §§101, 102, 103 or 
112. Indeed, the cancellation of claims 1-13 does not constitute an intent on the 
part of the Applicants to surrender any of the subject matter of claims 1-13. 

Early consideration on the merits is respectfully requested. 



Respectfiilly submitted. 




Wilham E. Vaug 
Reg. No. 39,056V 
P.O. Box 1135 



Chicago, Illinois 60690-1135 
Phone: (312) 807-4292 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



In the Specification; 

SPECIFICATION 
TITLE OF THE INVENTION 
ALTERNATING UPLINK/DOWNLINK TRANSITIONS IN CHANNEL 
ALLOCATION 

JN A TDD TRANSMISSION FRAME WITH A NUMBER OF SWITCHING 
TIMES 

Description 

Alternating — uplink/downlinlc — transitions — ia — channel — allocation — m — a — TDD 
transmission fram e with a numb e r of switching tim e s 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for controlling uplink/downlink 
transitions in channel allocation in a transmission frame, particularly a TDD 
transmission frame as claimed in the preamble of claim 1^ and a commimications 
system for carrying out the method. 

In radio communications systems, information (for example^ voice, image 
information or other data) are fransmitted with the aid of elecfromagnetic waves via 
a radio interface between the transmitting and receiving radio station (base station 
or mobile station, respectively). The electromagnetic waves are radiated at carrier 
frequencies which are in the frequency band provided for the respective system. In 
the case of GSM (Global System for Mobile Communication), the carrier 
frequencies are in the range of 900, 1800 or 1900 MHz, respectively. For ftiture 
mobile radio networks with CDMA or TD/CDMA fransmission methods via the 
radio interface, for example the UMTS (Universal Mobile Telecommunications 
system) or other third-generation systems, frequencies in the frequency band of 
approx. approximately 2000 MHz are provided. 

Frequency Division Multiple access (FDMA), Time Division Multiple 
Access (TDMA) or a method known as Code Division Muhiple Access (CDMA) 
are used for distinguishing between the signal sources and^ thus^ for evaluating the 
signals. A particular instance of the time division multiple access is a TDD (Time 
19 



Division Duplex) transmission method in which the transmission takes place in a 
common frequency band separated in time both in the upUnk, i.e. from the mobile 
station to the base station, and in the downlink, i.e. from the base station to the 
mobile station. 

In the TDD system, uplink and downlink time slots are located within one 
transmission frame. Assuming that only one frequency band (one carrier 
frequency) is available to an operator, time slot clustering can be introduced in a 
channel assignment method in order to be able to guarantee the reusability of the 
channel (i.c^ time slot) with a certain spacing. The channel allocation method has 
the task of distributing the available resovirces, on the one hand, to the cells (which 
occurs on a rather slow time axis) and, on the other hand, to allocate one (or more) 
resource(s) for a particular connection (service). The method proposed in the text 
which follows is classed as the former^ in particular. 

For two adjacent cells Zl ^d Z2, shown in figur e Figure 1, with base 
stations BS and mobile stations MS, particularly strong interferences are obtained 
from a mobile station MS which is close by in the adjacent cell, with synchronous 
alignment of the transmission frames of the adjacent stations or cells for a mobile 
station MS which receives signals from its associated base station BS. This case, 
which occurs quite frequently with a homogeneous distribution of the mobile 
stations^ is critical especially at the cell boundaries. 

According to figure Figure 2, interferences are obtained for the constellation 
where the transmit case TX of a mobile station MS overlaps the receive case RX of 
the other mobile station MS. A switching point SP in each case separates the 
fransmit case TX and the receive case RX. For a frame-by-frame transmission, one 
frame fr comprising having a number of time slots ts, the duration of the occurrence 
of interferences depends on the displacement of the beginning of the frame and 
position of the switching point SP between the two cells Zl, Z2. Strong 
interferences cause losses in the spectral efficiency of the radio conununications 
system. 

In common TDD methods, therefore, there is frame synchronization and no 
variable switching time but a fixed switching time so that a fixed allocation exists 
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within the communication network (e.g.^ time slots 0-11 for downlink, 12-23 for 
uplink). 

Frame synchronization alone, however, does not yet lead to optimum results 
if the requirements for the capacity utilization are different in adjacent cells. In 
particular, the case is unsolved in which relatively large data volumes are to be 
transmitted in the uplink in one cell but relatively large data volumes are to be 
transmitted in the downlink in adjacent cells. 

From US 5,719,859, a TDMA radio communications system is known in 
which a single base station communicates with a multiplicity of mobile stations 
within its transmitting range. In this arrangement, individual channels of a 
transmission frame are variably allocated to the mobile stations in dependence on 
load. Furthermore, it is specified to include within a transmission frame its time 
slots for uplinks from the beginning of the transmission frame and to include its 
time slots for downlinks from its end to its beginning. Each time slot is only 
allocated for a single mobile station and only for a single transmit direction. 

An extension of this communications system to a cellular commimications 
system comprising having a multipHcity of adjacent cells is known from 
WO 98/29988 Al. In this document, it is proposed to group a multiplicity of radio 
cells and sectors within it in the manner of a cluster. In the arrangement^ sectors of 
two different cells are^ in each case, directly adjacent so that a cluster of two is 
formed. Furthermore, it is specified to subdivide the fransmission frames into two 
subframes, one subframe being expressly used only for either upHnks or downlinks. 
Furthermore, it is specified to assign the two subframes to the different sectors. 
Accordingly, it is possible during one frame either only to receive or only to 
transmit in the sector of each cell independently of the other statements. For the 
next frame, in consequence, the transmit direction must be reversed for the entire 
transmission frame. 

The resources are assigned in accordance with a similar basic principle as in 
US 5,719,859, but in this case only a distribution of packet data to these subframes 
is specified but mid not an assignment of channels of a TDD system. 
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The present invention is based on the object o f , therefore, directed toward 
providing an improved method and an improved communications system, 
particularly a radio communications system, in which the switching points between 
uplink and downlink transmission times can be selected more variably in adjacent 
cells. 

This object is achieved by the method having the features of claim 1 and the 
communications system having the features of claim 12. Advantageous fiirther 
developments can be found in the subclaims. 

SUMMARY OF THE INVENTION 

In its basic concept, the TDD transmission method can also support 
asymmetric services in which the transmission capacity in the uplink does not need 
to be equal to that in the downhnk. If this asymmetry is not wanted to the same 
extent in all radio cells, a critical interference scenario can arise. The 
considerations relating to the TDD transmission method had failed to recognize the 
relevant problems of the mutual interferences of a multiplicity of base stations and 
mobile stations operated within the same frequency band. 

A method is proposed here which provides an optimum distribution of the 
time slots within the transmission frame and particularl vC particularlv. the TDD 
transmission frame} and at the same time enables the following two criteria to be 
r e alized achieved at the same time: 

1. Changing upHnk/downlink conditions can be taken into 
consideration by a variable switching point between the uplink and downlink time 
slots within a cell almost independently of the switching points of the other cells. 

2. A changing load distribution in the network can be made possible by 
extending the access time for a connection in one cell or, in other words, by 
allocating a different number of channels (time slots) per cell in reuse. 

Due to the condition of aligned uplink or downlink direction in adjacent 
active cells or cell groups, the two criteria do not lead to the problem of co channel 
co-channel interference in the form of mutual interference of two mobile stations in 
directly adjacent cells of different reused clusters, one of which is transmitting 
exactly on the channel (time slot) on which the other one is receiving at the same 
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time. The same applies to interference between base stations when both are 
tr^ismitting or receiving on the same time slot. 

Using the solution proposed here, the TDD mode can now ^se be 
implemented by means of via only one frequency. 

The proposed combination of separate switching points per cell (see case a 
in the text which follows) and of the advantage of an imchanged hnk direction of 
the same time slots (see case b in the text which follows) makes it possible that the 
unwanted MS-MS interferences will not occur both in the case of a change in the 
uphnk/downlink (UL/DL) ratio in the cell and in the case of a load change 
(different resource distiibution over the cells in the cluster). To this end, this 
method uses a number of switching points (one per cell) with alternating UL/DL 
change of successive cell-related channel allocations within the transmission frame 
(see case c). 

In clusters of three or four, only the switching points of up to three or four 
cells or groups of cells need to be correspondingly matched to one another in each 
case. 

In the text which followo, exomplar>^ embodim e nts ar e e xplained in groator 
detail with referenc e to tho drawing, in which: 

Additional features and advantages of the present invention are described in. 
and will b e apparent from, the following Detailed Description of the Invention and 
the Figures. 

BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 shows two cells with one base station and one mobile station eachj^ 
Figure 2 shows the case of interference between two adjacent mobile 

stations, one of which is transmitting and the other one is receiving at the same 

time;. 

Figure 3 shows a block diagram of a mobile radio system^. 

Figure 4 shows a mobile radio system according to a first exemplary 
embodiment in a macro environment with a cluster of three and the associated 
transmission frames with a number of switching points^. 
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Figure 5 shows this mobile radio system and its transmission frame with a 
number of switching points and a different number of time slots per cell with 
interference^. 

Figure 6 shows this mobile radio system and its transmission frame with a 
common switching point and a different number of group time slots per cell^^ 

Figure 7 shows this mobile radio system and its fransmission frame with a 
different switching point in each case per transmission frame and a different 
number of time slots per cell in an interference situation^^ 

Figure 8 shows this mobile radio system and its fransmission frame with a 
number of switching points with the same link direction of adjacent cells^. 

Figure 9 shows this radio system and its transmission frame with a number 
of time-variable switching points with tolerable interference^. 

Figure 10 shows this mobile radio system and its fransmission frame with a 
number of time-variable switching points and a different number of time slots per 
cell with tolerable interference?. 

Figure 11 shows, according to a fiirther exemplary embodiment, a different 
scenario with micro environment and a cluster of three with transmission frame?. 

Figiore 12 shows an exemplary scenario with microenvfronment and a 
cluster of two with fransmission fiume?. 

Figure 13 shows a mobile radio system with a medium time slot reuse 
distance of 4 and. 

Figure 14 shows a block diagram of a control device. 

DETAILED DESCRIPTION OF THE INVENTION 
As can be seen from figure Figure 3, an exemplary mobile radio 
communications system consists of a multiphcity of mobile switching centers MSG 
which are networked together or, respectively, establish access to a fixed network 
PSTN. Furthermore, these mobile switching centers MSG are connected to^ in each 
case^ at least one device RNM for allocating radio engineering resources. Each of 
these devices RNM, in turn, provides for a connection to at least one base station 
BS. The term base station in its widest interpretation can also be interpreted only as 
the site of, for example^ a fransmitting antemia. Such a base station BS can set up a 
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connection to other radio stations^; e.g.^ mobile stations MS or other mobile and 
stationary terminals via a radio interface. Each base station BS forms at least one 
radio cell Z. In the case of sectorization or with hierarchical cell structures, a 
number of radio cells Z are also supplied per base station e.g.^ for part-areas 
around the base station BS. 

Figure 3 shows exemplary connections V1,V2, V3 for transmitting user 
information and signaling information between mobile stations 
MSI, MS2, MS3, MSn and a base station BS. An operation and maintenance 
center OMC implements control and maintenance fimctions for the mobile radio 
network or parts thereof, respectively. The fimctions of this structure can be 
transferred to other conmiunications systems, particularly radio communications 
systems in which the method below can be used, ^d particularly for subscriber 
access networks with wireless subscriber loop. 

Figure 4 and the subsequent figures show a mobile radio system with 
macroenvironment typical of the ideal, and the associated transmission frames from 
its cells Z. According to the ETSI simulation rules for macro and 
microenvironment in UMTS 30.03, macroenvironment m e ans that refers to a high 
mast, which clearly protrudes over the roof edge of houses, is being used for 
transmitting and receiving. In this connection, N = 16 is assumed to be the number 
of time slots available in the transmission frame and^ furthermore, a cluster of three 
cell division is provided which will be called cells R (dotted), G (shaded to the 
right) and B (shaded to the left) in the text which follows. Each cell also has a 
particular number of uphnk and downlink time slots (e.g.^ nu(R) is assumed to be 
the number of uplink time slots per cell R). 

In the representation, a first central cluster in the cell mapping is shown 
dotted, with shading to the left or shading to the right depending on group and with 
regard to the transmission allocation in the upper diagram for the purpose of 
illustration. Compared with other clusters surrounding this cluster, this central 
cluster is surrounded by a frame. Regarding the transmission allocation, the 
transmission parameter of the other adjacent clusters are shown in the lower 
diagram in each case. White circles represent the positions of the base stations BS 
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with sector antennas which^ in each case^ supply three surrounding cells Z (R, G, B) 
which are typically shown diagrammatically as hexagons for the purpose of 
simplification. 

However, alternative arrmgements are also possible such as, for example, 
the arrangement of^ in each case^ a separate base station with an omnidirectional 
antenna in the center of each individual cell. 

The method proposed here is shown in individual stages by means of via the 
subsequent steps and figures for the purpose of clarity of explanation. 

Case a: Figure 4 shows a clustering with a number of switching points^^ i.e.^ 
each cell both in the cluster and in reuse has its own UL/DL switching point. In 
this arrangement, the switching points can be different within #ie each oeils cell is 
e ach of of a group of cells compared with the switching points of the other group 
members. The number of time slots per cell, however, is still fixed. All cells are 
allocated the same number of resources. The transmission firames of the adjacent 
cells of the three groups are suitably controlled synchronously in such a manner 
that all transmission fi-ames simultaneously begin with time slot 1 for transmitting 
general information of the base stations to mobile stations in the corresponding 
cells in the downlink. 

Using multiple switching points, i.e. a separate switching point per cell, 
ensures a situation of minimum interference with changing uplink/downlink 
relationships. If the switching point is shifted, MS/MS interference will arise 
between adjacent mobile stations but a minimum distance D is maintained between 
the mobile stations so that the interference situation is relatively noncritical. As an 
example, transmission in the fourth channel or time slot will be quoted where a cell 
of the central group transmits in the downlink but the adjacent cells of this group 
transmit m the uplmk, with a minimum distance D. MS/MS interference between 
two mobile stations in the same cell groups and with the same transmission channel 
is thus permissible due to the minimum distance D. 

If, however, given this channel allocation strategy, it is intended to take into 
account an inhomogeneous load distribution which leads to a change in the number 
of channels, i.e. shift the time slots of a cell with little traffic volume into a cell with 
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a large traffic volxune within the cluster, this minimum distance is no longer given 
under certain conditions as shown in figur e Figure 5. The critical MS/MS 
interferences will occur here since the number of time slots per cell changes within 
reuse in such a manner that the MS/MS intef e renc e interference for time slots 7 and 
8, i.e. for cells of different groups, exists to its full extent in this case since the 
minimum distance D is no longer given. 

Case b:a channel allocation method according to figure Figure 6 which uses 
only one switching point, i.e. groups the time slots for uplink and downhnk, is 
better suited with respect to a changing distribution of the time slots to the cells 
while at the same time ensuring minimimi interference. Due to the joint switching 
of the transmit direction in all cells, there can be no MS/MS interferences. For 
example, there can be a different distribution of the time slots to the three sectors at 
each site within one transmit direction in figure Figure 6. It is now possible to 
violate the minimum reuse distance^ e.g.^ in the downlink between cells of different 
direction?; i.e.^ a mobile station MS is simultaneously receiving data or signals firom 
two adjacent base stations. For mobile stations close to their base station, this does 
not represent a problem because the level differences are adequate. The mobile 
stations located in the center between supplying and interfering base station so that 
they receive approximately the same signal levels can be allocated imdisturbedj; 
i.e.^ in particular, different time slots in which these collisions cannot occur. 

If, in contrast, the switching point changes, it is possible that, in addition to 
the lacking minimum distance D, the abovementioned MS/MS interference also 
occurs as shown in figure Figure 7. If the switching point in the reuse cluster 
changes due to another UL/DL ratio, they will be correspondingly extremely 
disturbing MS/MS interferences with only one switching point per transmission 
jframe and grouped uplink/downlink time slots. 

Case c: if the advantages of the two methods are combined, an allocation 
arrangement is obtained which has no problematic MS/MS interferences in the case 
of a change of the UL/DL ratio and changing traffic volumes. This optimized 
method provides for a number of variable switching points, on the one hand, but 
also a minimization of the situation that there is simultaneous transmission and 
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reception, respectively^ (MS/MS interference) in the same channel (time slot) in 
directly adjacent cells. As shown in figure Figure 8, this can be achieved by the 
fact that the transmit direction does not change in the time slots at the boundary to 
the next cell in the cluster or preferably in the entire communication network of the 
environment (as at b). That is , if, for example, the last time slot belonging to 
cell G is in the uplink, the first time slot belonging to cell R m ust also must be in 
the uplink. There will then not be any UL/DL change at the cell boundaries within 
the transmission frame. This provides an alternating UL/GL allocation for cell B, 
DL/UL allocation for cell G and again UL/DL allocation for the next cell in the 
cluster. Figure 8 thus represents a hybrid method with alternating UL/DL changes 
for successive cells in the transmission frame. 

If then the ratio of uplink/downhnk time slots in a cell is changed as is 
shown in figure Figure 9, there will admittedly be MS/MS interferences but the 
minimum distance D is maintained^; i.e.^, the situation of having mutually 
interfering mobile stations in immediate vicinity is avoided. That is to say, in this 
hybrid method, alternating UL/DL changes are possible for successive cells in the 
transmission frame, the UL/DL switching point being shifted within the cell. 

The second critical application is the allocation of a different number of 
resources in the different cells due to traffic volumes which differ locally. In this 
case, shown in figur e Figure 10, the minimum distance is admittedly no longer 
given but MS/MS interference in which the same time slot is used for different 
transmit directions in the immediate vicinity is avoided, nevertheless. Thus, a 
hybrid method with alternating UL/DL changes for successive cells in the 
transmission frame is also possible in which the number of resources per cell is 
differently distributed in the reuse cluster. 

The hybrid method thus provides for combining of the two cases a and b, 
that is to say a number of switching points (preferably^ but not necessarily^ only one 
per cell) with alternating UL/DL changes of successive cell-specific channel 
allocations within the transmission frame. 

As a further exemplary embodiment, another scenario of a cluster of three in 
a microenvironment as Manhatten grid network with exemplary transmission frame 
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is shown in figure Figure 11. Microenvironment here means that refers to the 
transmitting and receiving antennas are being clearly arranged below the roof edges 
and ese being used for supplying streets between blocks of houses. The white lines 
here represent the streets and the dotted boxes represent blocks of houses. The 
antennas, which are preferably arranged away from street intersections between two 
blocks of houses each are used, as a rule, not for supplying the blocks but the 
streets. The transmission arrangement corresponds to that of figure Figure 10 in 
this case. 

Figure 12 represents a further exemplary Manhatten scenario but here with a 
cluster of two, and a corresponding transmission frame. The arrangement of base 
stations within the cells is as in the previous example. 

According to a further exemplary embodiment, figure Figure 13 shows 
another exemplary cell arrangement with a typical instance of cells in a real 
network with medium reuse of four. In this arrangement, arbitrary cell forms with 
variable nimibers of adjacent cells which, for example, can be supplied with time 
slots in a medium reuse of four (compare the four-color theorem) are instanced in 
accordance with the inhomogeneous propagation conditions of real radio 
environmentsri^e; -. That is, in this arrangement, it is assumed that, instead of three 
groups of cells to be matched to one another, four groups R, G, B, W of cells are 
formed, the switching points and switching directions, as shown in the transmission 
frame, can be matched to one another in accordance with the hybrid allocation 
method from case c. 

The base station BS contains a transceiver device TX/RX shown in figure 
Figure 14, which digital/analog-converts the transmit signals to be radiated, 
translates them from the baseband into the frequency range of radiation and 
modulates and amplifies the transmit signals. A signal generating device SA has 
first assembled the transmit signals into radio blocks and allocated them to the 
corresponding frequency channel and time slot. A signal processing device DSP 
evaluates receive signals received via the fransceiver device GX/RX and performs a 
channel estimation. 
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For the signal processing, the receive signals are converted into symbols 
having a discreet set of values^; for example^ digitized. A signal processing device 
DSP which contains as digital signal processor, for example, a JD processor for 
detecting the user information and the signaling information in accordance with the 
JD (Joint Detection) CDMA method, evaluates the data sections. The interaction of 
the components and the setting of the switching point SP is controlled by a control 
device SE of the base station BS. Associated data on the switching point SP and 
the actual situations of the link are temporarily stored in a memory device MEM. 

The mobile station MS contains, correspondingly adapted, the modules 
explained for the base station BS and additionally an operating panel T. At the 
operating panel T, the subscriber can make inputs, among other things an input for 
activating the mobile station MS or for setting up a connection to the base station 
BS. 

The control device SE evaluates signals sent in the downlink and received 
by the mobile station MS and signals sent from the mobile station to the base 
station and determines the requirement for data to be transmitted in the DL and in 
the UL. The channels to be used and the switching points are established in 
accordance with the requirement. These data are preferably transmitted to the 
communicating device. Furthermore, the channels and switching points to be 
allocated are matched to the base stations of the adjacent cells. In an exemplary 
control method, a coarse pregrouping of the resources is first carried out on a slow 
time axis for a cluster of three. The number of time slots remaining after the BCCH 
time slot is advantageously divided by three and assigned to the individual cell 
groups. This coarse grouping can also be different if there is a corresponding 
requirement. 

After that, a repeated determination is made on a faster time axis, i.e. in 
short time intervals, for checking current requirements, what allocation 
requirements exist for a cell and its adjacent cells. The resources are then 
correspondingly allocated and required switching points established for these cells^i 
i.e.^ the original resources of adjacent cells are allocated for a first cell and/or the 
time slot is shifted for the switching. 

30 



Alignment by m e ans of via the adjacent base stations themselves would be 
associated with a very high and frequent exchange of data among them. A central 
control of the resources and channel allocations and switching points for a 
multiplicity of base stations by, for example^ the devices RNM for allocating radio 
engineering resources or the mobile switching centers MSG to which the current 
load conditions and resource requirements are in each case transmitted by the base 
stations BS? is, therefore, simpler. 

In the extreme case, control could also could be handled by the mobile 
stations but is then disadvantageously expensive. 

Precontrol of the switching points and signaling to the communicating 
stations can take place, for example, via the BCCH (Broadcast Control Channel) in 
the downlink. 

Although the present invention has been described with reference to specific 
embodiments, those of skill in the art with recognize that changes may be made 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 
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Alt e rnating uplinlc/downlmlc transitions — m — chann e l — allocation in — a TDD 
transmission fram e having a numb e r of switching points 
5 ABSTRACT OF THE DISCLOSURE 

The invention relates to a A method for controlhng uplink/downlink 
transitions in channel allocation in a transmission frame for information 
transmission in a communications system comprising having a multiphcity of cells, 
Q in which a switching point between uplink and downlink (UL/DL) transitions is 

r"* 10 controlled in alignment with the respective switching point of adjacent cells^ in 

yj such a manner that the same uplinks and downlinks are predetermined in directly 

p- adjacent cells. 

A load-dependent control of the uplink and downlink within individual 

Cj adjacent cells or groups of cells becomes possible by means of via a variable 

ifl 

£5 15 activation of possibly a number of switching points and/or resources of the 

i;J individual cells which are switched to be active. The cells are preferably arranged 

for this purpose in a cluster of three or four arrangement, a number of time-variable 
switching points (one each per cell) being used with alternating uplink and 
downlink change of successive cell-related channel allocations within the 
20 transmission frame. 
Figur e 10 
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Description 

^ternatina uplink/dnwnl i nk 1 rans i t i on a in channe 1 

a llocation in a TDD transmission frame with a number of 
switching times 

The invention relates to a method for controlling 
uplink/downlink transitions in channel allocation in a 
transmission frame, particularly a TDD transmission 
frame as claimed in the preamble of claim 1 and a 
communications system for carrying out the method. 

In radio communications systems, information (for 
example voice, image information or other data) are 
transmitted with the aid of electromagnetic waves via a 
radio interface between the transmitting and receiving 
radio station (base station or mobile station, 
respectively) . The electromagnetic waves are radiated 
at carrier frequencies which are in the frequency band 
provided for the respective system. In the case of GSM 
(Global System for Mobile Communication) , the carrier 
frequencies are in the range of 900, 1800 or 1900 MHz, 
respectively. For future mobile radio networks with 
CDMA or TD/CDMA transmission methods via the radio 
interface, for example the UMTS (Universal Mobile 
Telecommunications system) or other third-generation 
systems, frequencies in the frequency band of approx. 
2 000 MHz are provided. 

Frequency Division Multiple access (FDMA) , Time 
Division Multiple Access (TDMA) or a method known as 
Code Division Multiple Access (CDMA) are used for 
distinguishing between the signal sources and thus for 
evaluating the signals. A particular instance of the 
time division multiple access is a TDD (Time Division 
Duplex) transmission method in which the transmission 
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takes place in a common frequency band separated in 
time both in the uplink, i.e. from the mobile station 
to the base station, and in the 
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downlink, i.e. from the base station to the mobile 
station. 

In the TDD system, uplink and downlink time slots are 
5 located within one transmission frame. Assuming that 
only one frequency band (one carrier frequency) is 
available to an operator, time slot clustering can be 
introduced in a channel assignment method in order to 
be able to guarantee the reusability of the channel 

10 (i.e. time slot) with a certain spacing. The channel 
allocation method has the task of distributing the 
available resources, on the one hand, to the cells 
(which occurs on a rather slow time axis) and, on the 
other hand, to allocate one (or more) resource (s) for a 

15 particular connection (service) . The method proposed in 
the text which follows is classed as the former in 
particular . 

For two adjacent cells Zl and Z2 , shown in figure 1, 
2 0 with base stations BS and mobile stations MS, 
particularly strong interferences are obtained from a 
mobile station MS which is close by in the adjacent 
cell, with synchronous alignment of the transmission 
frames of the adjacent stations or cells for a mobile 
25 station MS which receives signals from its associated 
base station BS . This case, which occurs quite 
frequently with a homogeneous distribution of the 
mobile stations is critical especially at the cell 
boundaries . 

30 

According to figure 2, interferences are obtained for 
the constellation where the transmit case TX of a 
mobile station MS overlaps the receive case RX of the 
other mobile station MS. A switching point SP in each 
35 case separates the transmit case TX and the receive 
case RX. For a frame -by- frame transmission, one frame 
fr comprising a number of time slots ts, the duration 
of the occurrence of interferences depends on the 
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displacement of the beginning of the frame and position 
of the switching point SP between the two cells Zl, Z2 . 
Strong interferences 
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cause losses in the spectral efficiency of the radio 
communications system. 

In common TDD methods, therefore, there is frame 
synchronization and no variable switching point but a 
fixed switching point so that a fixed allocation exists 
within the communication network (e.g. time slots 0-11 
for downlink, 12-23 for uplink) . 

Frame synchronization alone, however, does not yet lead 
to optimum results if the requirements for the capacity 
utilization are different in adjacent cells. In 
particular, the case is unsolved in which relatively 
large data volumes are to be transmitted in the uplink 
in one cell but relatively large data volumes are to be 
transmitted in the downlink in adjacent cells. 

vThe invention is based on the object of providing an 
improved method and an improved communications system, 
particularly radio communications system, in which the 
switching points between uplink and downlink 
transmission times can be selected more variably in 
adjacent cells. 

This object is achieved by the method having the 
features of claim 1 and the communications system 
having the features of claim 12 . Advantageous further 
developments can be found in the subclaims. 

In its basic concept, the TDD transmission method can 
also support asymmetric services in which the 
transmission capacity in the uplink does not need to be 
equal to that in the downlink. If this asymmetry is not 
wanted to the same extent in all radio cells, a 
critical interference scenario can arise. Previous 
considerations relating to the TDD transmission method 
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had failed to recognize the relevant problems 
of the mutual interferences of a 



U 



GR 99 P 2073 



multiplicity of base stations and mobile stations 
operated within the same frequency band. 

A method is proposed here which provides an optimum 
distribution of the time slots within the transmission 
frame and particularly the TDD transmission frame and 
at the same time enables the following two criteria to 
be realized at the same time: 

1. Changing uplink/downlink conditions can be taken 
into consideration by a variable switching point 
between the uplink and downlink time slots within a 
cell almost independently of the switching points of 
the other cells. 

2 . A changing load distribution in the network can be 
made possible by extending the access time for a 
connection in one cell or, in other words, by 
allocating a different number of channels (time slots) 
per cell in reuse. 

Due to the condition of aligned uplink or downlink 
direction in adjacent active cells or cell groups, the 
two criteria do not lead to the problem of cochannel 
interference in the form of mutual interference of two 
mobile stations in directly adjacent cells of different 
reused clusters, one of which is transmitting exactly 
on the channel (time slot) on which the other one is 
receiving at the same time. The same applies to 
interference between base stations when both are 
transmitting or receiving on the same time slot. 

Using the solution proposed here, the TDD mode can now 
also be implemented by means of only one frequency. 

The proposed combination of separate switching points 
per cell (see case a in the text which follows) and of 
the advantage of 
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an. unchanged link direction of the same time slots (see 
case b in the text which follows) makes it possible 
that the unwanted MS -MS interferences will not occur 
both in the case of a change in the uplink/ downlink 
(UL/DL) ratio in the cell and in the case of a load 
change (different resource distribution over the cells 
in the cluster) . To this end, this method uses a number 
of switching points (one per cell) with alternating 
UL/DL change of successive cell -related channel 
allocations within the transmission frame (see case c) . 

In clusters of three or four, only the switching points 
of up to three or four cells or groups of cells need to 
be correspondingly matched to one another in each case . 

In the text which follows, exemplary embodiments are 
explained in greater detail with reference to the 
drawing, in which: 

Figure 1 shows two cells with one base station and one 

mobile station each. 
Figure 2 shows the case of interference between two 

adjacent mobile stations, one of which is 

transmitting and the other one is receiving 

at the same time. 
Figure 3 shows a block diagram of a mobile radio 

system. 

Figure 4 shows a mobile radio . system according to a 
first exemplary embodiment in a macro 
environment with a cluster of three and the 
associated transmission frames with a number 
of switching points. 

Figure 5 shows this mobile radio system and its 
transmission frame with a number of switching 
points and different number of time slots per 
cell with interference. 
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Figure 6 shows this mobile radio system and its 
transmission frame with a common switching 
point and a different number of group time 
5 slots per cell, 

Figure 7 shows this mobile radio system and its 
transmission frame with a different switching 
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point in each case per transmission frame and 
a different number of time slots per cell in 
an interference situation. 

Figure 8 shows this mobile radio system and its 
transmission frame with a number of switching 
points with the same link direction of 
adjacent cells. 

Figure 9 shows this radio system and its transmission 
frame with a number of time-variable 
switching points with tolerable interference. 

Figure 10 shows this mobile radio system and its 
transmission frame with a number of 
time-variable switching points and a 
different number of time slots per cell with 
tolerable interference. 

Figure 11 shows, according to a further exemplary 
embodiment, a different scenario with 
microenvironment and a cluster of three with 
transmission frame, 

Figure 12 shows an exemplary scenario with 
microenvironment and a cluster of two with 
transmission frame. 

Figure 13 shows a mobile radio system with a medium 
time slot reuse distance of 4 and 

Figure 14 shows a block diagram of a control device. 

As can be seen from figure 3, an exemplary mobile radio 
communications system consists of a multiplicity of 
mobile switching centers MSG which are networked 
together or, respectively, establish access to a fixed 
network PSTN. Furthermore, these mobile switching 
centers MSG are connected to in each case at least one 
device RNM for allocating radio engineering resources. 
Each of these devices RNM, in turn, provides for a 
connection to at least one base station BS . The term 
base station in its widest interpretation can also be 



interpreted only as the site of, for example a 
transmitting antenna. Such a base station BS can set up 
a connection to other radio stations, e.g. mobile 

stations MS or other mobile and stationary terminals 
via a radio interface. Each base station BS forms at 
least one radio cell Z. In the case of sectorization or 
with hierarchical cell structures, a number of radio 
cells Z are also supplied 
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per base station BS, e.g. for part -areas around the 
base station BS. 

Figure 3 shows exemplary connections VI, V2 , V3 for 
transmitting user information and signaling information 
between mobile stations MSI, MS2 , MS3 , MSn and a base 
station BS . An operation and maintenance center OMC 
implements control and maintenance functions for the 
mobile radio network or parts thereof, respectively. 
The functions of this structure can be transferred to 
other communications systems, particularly radio 
communications systems in which the method below can be 
used, particularly for subscriber access networks with 
wireless subscriber loop. 

Figure 4 and the subsequent figures show a mobile radio 
system with macroenvironment typical of the ideal, and 
the associated transmission frames from its cells Z. 
According to the ETSI simulation rules for macro and 
microenvironment in UMTS 30.03, macroenvironment means 
that a high mast, which clearly protrudes over the roof 
edge of houses, is used for transmitting and receiving. 
In this connection, N = 16 is assumed to be the number 
of time slots available in the transmission frame and 
furthermore, a cluster of three cell division is 
provided which will be called cells R (dotted) , G 
(shaded to the right) and B (shaded to the left) in the 
text which follows. Each cell also has a particular 
number of uplink and downlink time slots (e.g. nu(R) is 
assumed to be the number of uplink time slots per cell 
R) . 

In the representation, a first central cluster in the 
cell mapping is shown dotted, with shading to the left 
or shading to the right depending on group and with 
regard to the transmission allocation in the upper 
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diagram for the purpose of illustration. Compared with 
other clusters surrounding this cluster, this central 
cluster is surrounded by a frame. Regarding the 
transmission allocation, the transmission parameters 
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of the other adjacent clusters are shown in the lower 
diagram in each case. White circles represent the 
positions of the base stations BS with sector antennas 
which in each case supply three surrounding cells Z 
(R, G, B) which are typically shown diagrammatically as 
hexagons for the purpose of simplification. 

However, alternative arrangements are also possible 
such as, for example, the arrangement of in each case a 
separate base station with an omnidirectional antenna 
in the center of each individual cell. 

The method proposed here is shown in individual stages 
by means of the subsequent steps and figures for the 
purpose of clarity of explanation. 

Case a: Figure 4 shows a clustering with a number of 
switching points, i.e. each cell both in the cluster 
and in reuse has its own UL/DL switching point. In this 
arrangement, the switching points can be different 
within the cells of in each of a group of cells 
compared with the switching points of the other group 
members. The number of time slots per cell, however, is 
still fixed. All cells are allocated the same number of 
resources. The transmission frames of the adjacent 
cells of the three groups are suitably controlled 
synchronously in such a manner that all transmission 
frames simultaneously begin with time slot 1 for 
transmitting general information of the base stations 
to mobile stations in the corresponding cells in the 
downl ink . 

Using multiple switching points, i.e. a separate 
switching point per cell, ensures a situation of 
minimum interference with changing uplink/downlink 
relationships. If the switching point is shifted, MS/MS 
interference will arise between adjacent mobile 
stations but a minimum 
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distance D is maintained between the mobile stations so 
that the interference situation is relatively 
noncritical. As an example, transmission- in the fourth 
channel or time slot will be quoted where a cell of the 
central group transmits in the downlink but the 
adjacent cells of this group transmit in the uplink, 
with a minimum distance D. MS/MS interference between 
two mobile stations in the same cell groups and with 
the same transmission channel is thus permissible due 
to the minimum distance D, 

If, however, given this channel allocation strategy, it 
is intended to take into account an inhomogeneous load 
distribution which leads to a change in the number of 
channels, i.e. shift the time slots of a cell with 
little traffic volume into a cell with a large traffic 
volume within the cluster, this minimum distance is no 
longer given under certain conditions as shown in 
figure 5. The critical MS/MS interferences will occur 
here since the number of time slots per cell changes 
within reuse in such a manner that the MS/MS 
inteference for time slots 7 and 8, i.e. for cells of 
different groups, exists to its full extent in this 
case since the minimum distance D is no longer given. 

Case b: a channel allocation method according to figure 
6 which uses only one switching point, i.e. groups the 
time slots for uplink and downlink, is better suited 
with respect to a changing distribution of the time 
slots to the cells while at the same time ensuring 
minimum interference. Due to the joint switching of the 
transmit direction in all cells, there can be no MS/MS 
interferences. For example, there can be a different 
distribution of the time slots to the three sectors at 
each site within one transmit direction in figure 6. It 
is now possible to violate the minimum reuse distance 
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e.g. in the downlink between cells of different 
direction, i.e. a mobile station MS is simultaneously 
receiving data or signals from two adjacent base 
stations. For mobile stations close to their 
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base station, this does not represent a problem because 
the level differences are adequate. The mobile stations 
located in the center between supplying and interfering 
base station so that they receive approximately the 
same signal levels can be allocated undisturbed, i.e. 
in particular, different time slots in which these 
collisions cannot occur. 

If, in contrast, the switching point changes, it is 
possible that, in addition to the lacking minimum 
distance D, the abovement ioned MS/MS interference also 
occurs as shown in figure 7. If the switching point in 
the reuse cluster changes due to another UL/DL ratio, 
they will be correspondingly extremely disturbing MS/MS 
interferences with only one switching point per 
transmission frame and grouped uplink/ downlink time 
slots . 

Case c: if the advantages of the two methods are 
combined, an allocation arrangement is obtained which 
has no problematic MS/MS interferences in the case of a 
change of the UL/DL ratio and changing traffic volumes. 
This optimized method provides for a number of variable 
switching points, on the one hand, but also a 
minimization of the situation that there is 
simultaneous transmission and reception, respectively 
(MS/MS interference) in the same channel (time slot) in 
directly adjacent cells. As shown in figure 8, this can 
be achieved by the fact that the transmit direction 
does not change in the time slots at the boundary to 
the next cell in the cluster or preferably in the 
entire communication network of the environment (as at 
b) . i.e., if, for example, the last time slot belonging 
to cell G is in the uplink, the first time slot 
belonging to cell .R must also be in the uplink. There 
will then not be any UL/DL change at the cell 
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boundaries within the transmission frame. This provides 
an alternating UL/GL allocation for cell B, DL/UL 
allocation for cell G and again UL/DL allocation for 
the next cell in the cluster. Figure 8 thus represents 
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a hybrid method with alternating UL/DL changes for 
successive cells in the transmission frame. 

If then the ratio of uplink/ downlink time slots in a 
cell is changed as is shown in figure 9, there will 
admittedly be MS/MS interferences but the minimum 
distance D is maintained, i.e. the situation of having 
mutually interfering mobile stations in immediate 
vicinity is avoided. That is to say, in this hybrid 
method, alternating UL/DL changes are possible for 
successive cells in the transmission frame, the UL/DL 
switching point being shifted within the cell . 

The second critical application is the allocation of a 
different number of resources in the different cells 
due to traffic volumes which differ locally. In this 
case, shown in figure 10, the minimum distance is 
admittedly no longer given but MS/MS interference in 
which the same time slot is used for different transmit 
directions in the immediate vicinity is avoided, 
nevertheless. Thus, a hybrid method with alternating 
UL/DL changes for successive cells in the transmission 
frame is also possible in which the number of resources 
per cell is differently distributed in the reuse 
cluster . 

The hybrid method thus provides for combining of the 
two cases a and b, that is to say a number of switching 
points (preferably but not necessarily only one per 
cell) with alternating UL/DL changes of successive 
cell-specific channel allocations within the 
transmission frame. 

As a further exemplary embodiment, another scenario of 
a cluster of three in a microenvironment as Manhatten 
grid network with exemplary transmission frame is shown 
in figure 11. Microenvironment here means that the 
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transmitting and receiving antennas are clearly 
arranged below the roof edges and are used for 
supplying streets between blocks of houses. The white 
lines here represent the streets and the dotted boxes 
5 represent blocks of houses. The antennas, which are 
preferably arranged away from street intersections 
between two blocks of houses each are used, as a rule, 
not for supplying the blocks but the streets . The 
transmission arrangement corresponds to that of figure 
10 10 in this case. 

Figure 12 represents a further exemplary Manhatten 
scenario but here with a cluster of two, and a 
corresponding transmission frame. The arrangement of 
15 base stations within the cells is as in the previous 
example. 

According to a further exemplary embodiment, figure 13 
shows another exemplary cell arrangement with a typical 

20 instance of cells in a real network with medium reuse 
of four. In this arrangement, arbitrary cell forms with 
variable numbers of adjacent cells which, for example, 
can be supplied with time slots in a medium reuse of 
four (compare the four-color theorem) are instanced in 

25 accordance with the inhomogeneous propagation 
conditions of real radio environments, i.e. in this 
arrangement, it is assumed that, instead of three 
groups of cells to be matched to one another, four 
groups R, G, B, W of cells are formed, the switching 

3 0 points and switching directions, as shown in the 
transmission frame, can be matched to one another in 
accordance with the hybrid allocation method from case 
c . 

35 The base station BS contains a transceiver device TX/RX 
shown in figure 14, which digital/analog-converts the 
transmit signals to be radiated, translates them from 
the baseband into the frequency range of radiation and 
modulates and amplifies the transmit signals. A signal 
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generating device SA has first assembled the transmit 
signals into radio blocks and allocated them to the 
corresponding frequency channel and time slot. A signal 
processing device DSP evaluates 
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receive signals received via the transceiver device 
GX/RX and performs a channel estimation. 

For the signal processing, the receive signals are 
converted into symbols having a discreet set of values, 
for example digitized. A signal processing device DSP 
which contains as digital signal processor, for 
example, a JD processor for detecting the user 
information and the signaling information in accordance 
with the JD (Joint Detection) CDMA method, evaluates 
the data sections. The interaction of the components 
and the setting of the switching point SP is controlled 
by a control device SE of the base station BS . 
Associated data on the switching point SP and the 
actual situations of the link are temporarily stored in 
a memory device MEM. 

The mobile station MS contains, correspondingly 
adapted, the modules explained for the base station BS 
and additionally an operating panel T. At the operating 
panel T, the subscriber can make inputs, among other 
things an input for activating the mobile station MS or 
for setting up a connection to the base station BS. 

The control device SE evaluates signals sent in the 
downlink and received by the mobile station MS and 
signals sent from the mobile station to the base 
station and determines the requirement for data to be 
transmitted in the DL and in the UL. The channels to be 
used and the switching points are established in 
accordance with the requirement. These data are 
preferably transmitted to the communicating device. 
Furthermore, the channels and switching points to be 
allocated are matched to the base stations of the 
adjacent cells. 
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In an exemplary control method, a coarse pregrouping of 
the resources is first carried out on a slow time axis 
for a cluster of three . The number 
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of time slots remaining after the BCCH time slot is 
advantageously divided by three and assigned to the 
individual cell groups. This coarse grouping can also 
be different if there is a corresponding requirement. 

After that, a repeated determination is made on a 
faster time axis, i.e. in short time intervals, for 
checking current requirements, what allocation 
requirements exist for a cell and its adjacent cells. 
The resources are then correspondingly allocated and 
required switching points established for these cells, 
i.e. the original resources of adjacent cells are 
allocated for a first cell and/or the time slot is 
shifted for the switching. 

Alignment by means of the adjacent base stations 
themselves would be associated with a very high and 
frequent exchange of data among them. A central control 
of the resources and channel allocations and switching 
points for a multiplicity of base stations by, for 
example the devices RNM for allocating radio 
engineering resources or the mobile switching centers 
MSG to which the current load conditions and resource 
requirements are in each case transmitted by the base 
stations BS, is, therefore, simpler. 

In the extreme case, control could also be handled by 
the mobile stations but is then disadvantageously 
expensive . 

Precontrol of the switching points and signaling to the 
communicating stations can take place, for example, via 
the BCCH (Broadcast Control Channel) in the downlink. 
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Patent claims 

1. A method for controlling uplink /downlink 
transitions in channel allocation in a 
5 transmission frame for information transmission in 

a communications system comprising a multiplicity 
of cells (Z) , in which a switching point (SP) 
between uplink/downlink (UL/DL) transitions is 
controlled in alignment with the respective 

10 switching point (SP) of adjacent cells in such a 

manner that the same uplinks or downlinks are 
predetermined in directly adjacent cells (Z) , 
characterized in that 

switching points (SP) and/or resource 

15 allocations are controlled variably within 

individual adjacent cells (Z) or groups (R, B) 
of cells (Z) which are switched to be active 
and/or communicate actively. 

20 2. The method as claimed in claim 1, in which 
switching points (SP) are located between 
individual time slots of a TDD transmission frame 
(fr) . 

25 3. The method as claimed in claim 1 or 2 , in which 
switching points (SP) within a cell (Z) or group 
(R, G, B) of cells (Z) are controlled in 
dependence on changing load distributions in the 
cell (Z) or group of cells (Z) and/or in the 

30 communication network, particularly a different 

number of channels per cell (Z) or cell group 
(R, G, B) is allocated. 

4 . The method as claimed in one of the preceding 
35 claims, in which a number of switching points (SP) 

within a group (R, G, B) of cells (Z) are 



GR 99 P 2073 



- 15a - 



controlled independently in time and variably by 
the switching points (SP) of the adjacent cells or 
groups of cells. 
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The method as claimed in one of the preceding 
claims, in which the cells (Z) or the group 
(R, G, B) of cells (Z) are arranged in a cluster 
of three arrangement (R, G, B) . 

The method as claimed in claim 5, in which the 
switching points (SP) within a cell (Z) or a group 
(R, G, B) of cells (Z) are matched to up to one or 
two active groups of adjacent cells (Z) . 



7. The method as claimed in one of claims 1 to 4 , in 
which the cells (Z) or the group of cells (Z) are 
"^i arranged in a cluster of four arrangement 

|i (R, G, B, W) . 

= - 15 

?==5 8. The method as claimed in claim 7, in which the 

Ul switching points (SP) within a cell (Z) or a group 

of cells (Z) are matched to up to three groups of 
Q active adjacent cells (Z) . 

Pj 20 

9. The method as claimed in one of claims 1 to 4, in 
which the cells (Z) or the group of cells (Z) are 
arranged in a cluster of two arrangement. 

25 10. The method as claimed in claim 9, in which the 
switching points (SP) within a cell (Z) or a group 
of cells (Z) are matched to only one other group 
of active adjacent cells (Z) . 

30 11. The method as claimed in one of the preceding 
claims, in which a number of time-variable 
switching points (SP) , particularly one each per 
cell (Z) with alternating uplink/downlink change, 
are controlled by successive cell -related channel 

35 allocations within a transmission frame in such a 

manner that the direction of connection of active 
and directly adjacent cells (Z) is in each case 
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the same. 



O 
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A communications system, particularly a radio 
communications system for carrying out the method 
as claimed in one of the preceding claims. 

The communications system as claimed in claim 12, 
in which circuits are provided in base stations 
(BS) , in mobile stations (MS) in devices (RNM) for 
allocating radio engineering resources and/or in 
mobile switching centers (MSG) for controlling the 
switching points (SP) for a multiplicity of 
cells (Z) . 

The communications system as claimed in claim 12 
or 13, in which antennas with a restricted 
directional pattern are arranged in base stations 
for avoiding weak interferences . 
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Abstract 

Alternating uplink/downlink transitions in channel 
allocation in a TDD transmission frame having a number 
of switching points 

The invention relates to a method for controlling 
uplink/downlink transitions in channel allocation in a 
transmission frame for information transmission in a 
communications system comprising a multiplicity of 
cells, in which a switching point between uplink and 
downlink (UL/DL) transitions is controlled in alignment 
with the respective switching point of adjacent cells, 
in such a manner that the same uplinks and downlinks 
are predetermined in directly adjacent cells. 

A load-dependent control of the uplink and downlink 
within individual adjacent cells or groups of cells 
becomes possible by means of a variable activation of 
possibly a number of switching points and/or resources 
of the individual cells which are switched to be 
active. The cells are preferably arranged for this 
purpose in a cluster of three or four arrangement, a 
number of time-variable switching points (one each per 
cell) being used with alternating uplink and downlink 
change of successive cell -related channel allocations 
within the transmission frame. 
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Fig. 13 
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Fig. 14 
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Declaration and Power pf Attorney For Patent Application 
Erklarung Fur iPatentanmeldungen Mit Vollmacht 

German Language Declaration 



Als nachstehend benannter Erfinder erkiare ich hiermrt 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und meine 
Staatsangehorigkeit den im Nachstehenden nach 
meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprQngliche, erste 
und alleinige Erfinder (falls nachstehend nur ein Name 
angegeben ist) oder ein ursprQnglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen 
aufgefOhrt sind) des Gegenstandes bin, fQr den dieser 
Antrag gesteitt wird und fQr den ein Patent beantragt 
wird fQr die Erfindung mit dem Titel: 



Alternierende 

Aufwartsverbindunas/Abwartsverbindung 
s-Ubergange bei der Kanalzuteilung in 
einem TDD-Ubertragungsrahmen mit 
mehreren Schaltzeitpunkten 



deren Beschreibung 

(zutreffendes ankreuzen) 

□ hier beigefQgt ist. 

El am 21.06.2000 als 

PCT Internationale Anmeldung 

PCT Anmeldungsnummer PCT/DEOO/0201 9 

eingereicht wurde und am 

abgeandert wurde (falls tatsachlich abgeandert). 



Ich bestatlge hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der AnsprQche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwihnt abgeSn- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fQr die PrQfung der vorliegen- 
den Anmeldung in EInklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 



Ich beanspruche hiemnit auslandische Prioritatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fQr ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fQr ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzelchnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fQr die Prioritat beansprucht wird. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Alternating upwards link/downwards link 
transitions in tlie channel allocation in a 
TDD-transmission frame with several 
switching instants 



the specification of which 
(check one) 

□ is attached hereto. ^ 

13 was filed on 21.06.2000 as 

PCT international application 

PCT Application No. PCT/DEOO/02019 

and was amended on 

(if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1 .56(a). 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 
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German Language Declaration 


Prior foreign appplications 
Prioritat beansprucht 






Prioritv Claimed 


19928579.9 ^ DE ^ 


- 22.06.19 


99 ^ 


m □ 


(Number) (Country) 
(Nummer) (Land) 


(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


(Number) (Country) 
(Nummer) (Land) 


□ □ 

(Day IVIonth Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


(Number) (Country) 
(Nummer) (Land) 


□ □ 

(Day Month Year Filed) Yes No 
(Tag Monat Jahr eingereicht) Ja Nein 


Ich beanspruclie hiermit gemass Absatz 35 der Zlvil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefulirten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer fruheren 
amerikanischen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der Zlvilprozeliordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informatlonen an, die zwischen dem Anmeldedatum 
derfrQheren Anmeldung und dem nationalen oder PCT 
intemationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 




1 hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application In the manner provided by 
the first paragraph of Title 35, United States Code, 
§122, 1 acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1 .56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 


PCT/DEOO/02019 ^ 
(Application Serial No.) 
(Anmeldeseriennummer) 


21.06.2000 ^ 
(Filing Date D, M, Y) 
(Anmeldedatum T, M, J) 




anhanaia pendina 

(Status) (Status) 
(patentiert, anh^nglg, (patented, pending, 
auigegeben) abandoned) 


(Application Serial No.) 
(Anmeldeseriennummer) 


(Filing Date D,M,Y) 
(Anmeldedatum T, M; J) 




(Status) (Status) 
(patentiert, anhangig, (patented, pending, 
au^ben) abandoned) 


ich erkiare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 
entsprechen, und dass ich diese eidesstattiiche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsdtzllch falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
GefSngnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die GQI- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 




1 hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten' 
Patentanwaite) und/oder PatentiAgenten mit der 
Verfolgung der vorliegenden Patentanmeldung sewie 
mit der Abwicldung aller damit verbundenen Geschifte 
vor dem Patent- und Warenzelchenamt: (Name und 
Registrationsnummer anfQhren) 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademaric Office 
connected therewith, (list name and registration 
number) 



Customer No. 29177 




Telefongesprache bitte richten an: 
(Name und Telefonnummer) 



Direct Telephone Calls to: (name and telephone 
number) 



stanschriffc Send Correspondence to: 

Bell. Bovd & Uovd L LC 

Three First National Plaza, 70 West Madison Stree^ . Suite 3300 6nfin7-4?n7 Ohinago. Illinois 
Telephone: jOQl) 3.1.2-37? 11 ?t and Facsimile moi^ 312 827 8185 
or 

Customer No. 29177 




(Bitte entsprechende Informationen und Unterschriften im 
Falle von dritten und weiteren MiterHndern angeben). 



(Supply similar information and signature for third and 
subsequent joint inventors). 
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Patent and Trademark Ofnce-U.S. Department of CX^MMERCE 



Voller Name des dritten IVSterfinders: 

Dr. ^RNH^RD WEGMANN 




nt Inventor: 

RD WEGMANN 


UntenlSh^ deitrEfpfi^rs ,Datuin ^ 


Full name of th^^ 


J Date 


HOLZklRyHEN, DEUTSCHLAND 


RWnoe/ / 

HOLZKlBfcHEN, GERMANY ^^SlK 


Staatsangdh&^keit 

DE 


Citizenship^ 
DEX 


Postanschrift 

WALLBERGSTR. 15 


Post Office Address 

WALLBERGSTR. 15 


83607 HOLZKIRCHEN 


83607 HOLZKIRCHEN 


Voller Name des vierten Mllerfinders: 


Full name of fourth joint inventor: 


Unterschrift des Erfinders Datum 


Inventor's signature 


Date 


Wohnsltz 


Residence 


Staatsangehdrigkelt 


Citizenship 


Postanschrift 


Post Office Address 






Voller Name des fDnften Miterfinders: 


Full name of fifth joint inventor 


Unterschrift des Erfinders Datum 


Inventor's signature Date 


Wohnsltz 


Residence 


Staatsangehorigkeit 


Citizenship 





Post ORice Address 






Voller Name des sechsten Miterfinders: 


Full name of sixth joint inventor: 


Unterschrift des Erfinders Datum 


Inventor's signature 


Date 


Wohnsitz 


Residence 




Citizenship 


Postanschrift 


Post Office Address 







Falle von dritten und weiteren MiteiUndem angeben). 



subsequent Joint inventors). 
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